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We, Imperial' Chemical Industries 
Limited/ of Imperial Chemical House, 
Millbaiik,;London, S.W.I, a British Company. 
:do ..hereby de^^ invention,, for which we 

prajC^h^ ^a^'^ "and 
thci niet^od it . is. tg;;^ be : peff ora^^ 

. :t(^; jj^'p^rft^^ iii and ^b^i tfie 

. THis ^.invention , rdates to novel urisaturated 
organic compounds . containing the ,penta- 
fluorothib group — SF- and . to a method .of 
making them,. .. 

. It is weirkno.wre in organic chemistry to 
niake .unsaturated, compoamds. containing , the 
>C=C< group by rempyal ,pf .ilie (dm 
c?f a halogen acid from. a saturated compound 
by means of alcoholic or aqueous alcoholic 
5»J^utions :of caustiq,..potas^^^ or . causujcsoda, 
: wh^re ;the: halogen; is. chlorine,; bromine or 
iodine. . This process, is not lieadilly. applicable 
to fluorinated cjonipouiids, . for one. reason 
because it . is usually not possible to obtain the 
necessary intermediate compound' containing 
the proper number of fluorine atoms.. 

In co-pending application No. 31(208/59 
Serial No. 891,552 we have described a method 
for preparing conapounds having the general 
formula . 



R2 



CI SRj^H 



30 



35 



by adding sulphur chloride pentafluoride, 
SFsQ, across the double bond of an olefine or 
other hon-aromatic compound containing the 
^thylenically. unsaturated group >C=!<. In 
this formula . Ri is hydrogen or chlorine, R2 
is hydrogen or an alkyl group" or an alkenyl 
group, R,, is hydrogen, or R2, R3 are joined 
in a cycloalkyl ringl Since sulphur chloride 
pentafluoride is very readily hydrolysed by 
[Price 4s. 6d.] 



a,Lkali it was expected that compounds having 
this general formula, would on treatment with 40 
alcoholic or aqueous alcoholic ' caustic potash 
or caustic soda lose, all thc^ — SF5 group. For 
exdiiipie we .shbiild .|?ave e3^^ 

[ di2d--ai2SF„ 

obtained by adding SF., Q to ethylene to yield 45 
vinyl chloride, potassium sulphate and potas- 
sium fluoride on treatment with caustic potash. 
Surprisingly we have found that under such 
conditions the — SF^ group as not attacked but 
instead the elements .of hydixjchloric add are 55 
removed arid new iinsaturated cbrnipbuaidi. con- 
taining the — SF^ group are formed.. 

According to our invention- we provide new 
unsaturated organic compounds amtaining the 
pentailuorothio group — SF5, and a process 60 
for making them comprismg removing the 
elements of hydrogen diloride from the addi- 
tion products obtained by adding sulphur, 
chloride pentafluoride to oliefihes and other 
non-aromatic ethylenicajly unsaturated com- 50 
pounds, said additiofii products iiaving the 
general formula • 

Rj R3 

I I \ 

in which R„ R2, and R, have the meanings 55 
hereinbefore diefined. 

The new compounds of our inventioh' have 
structures of the general types represented by 



R3 
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where Ri, Ro, and R.-, have the meanings 
. liereinbefore defined, and R is the ajkylidene 

: . J)r . alkenylidene radical derived from the 
(Original alkyl or alikenyl radical Rz. The 

5 structure- type depends oa wWch carboii atom; 
of the sulphur dhloride pentafluoride/alefine 
addition prolduct loses a hydrogen atom in tiie 
dehydrochlorination. For example/ if in the 
addition product only hydrogen, or hydrogen 
10 and halogen atoms are attached to the two 
carbon atoms of the original ethylenic bond 
the , new cpmp.oimds are of type 1. Thus 
ethyierie gives the addition product 2-cfelor<H' 
ethyl sulphur pentafluoride 

15 CHiQ— GHzSF, 

which then^ gives the new. compound: vinyl 
sulphur pentaSupiide 

- CH8 = CH.SF3. 

Likewise cyclohcxene gfves first l-chldrttcyclo^ 
20 htKyl sulphur pbnta^iioride 



HgC CHSFf 
. H2C GHCr 

which then gives cyclohexenyl sulphur penta- 
fluoride on deliydrochlorination 

HaC CH 



25 Vinyl chloride gives the additive product 2,2- 
dichlopoethyl sulphur pentafiuoride 

CHCI2— CH2.SF5 

wliich by dehydrochlorination gives 2-chloro- 
vinyl sulphur pentafluoride 

30 . CHa = CH.SF„ 

and likewise trifiuoroethylene gives 1H.2- 
chiorotrifluoroethyl sulphur pentafluoride 

CFXl— GHRSFs 

from which perfluorovinyl sulphur penta- 
35 fluoride 

CF. = CRSFs 



is made by dehydrochlorination. 

On the other hand, if in the sulphur chloride 
pentafluoride/olefine addition product one. or 
more alkyl groups is attached to eithei- or both 40 
bf the carbon atoms of the original ethylenic 
bond the hydrogett atom lost in the deltydro- 
chlorihation may come from a carbon atom 
in the a position to the origin^ ethylenic car- 
bon atoms and then new compounds of type 45 
II will be formed. For example, propylene 
gives the addition product 2-cMbropit)pyl sul- 
phur pentafluoride 

CH3.CHaCH2.SF, 

wliich on dehydrochlorination gives aUyl sul- 50 
phur pentafluoride 

. CH2^C!H.CH2*SF5 

as well as propenyl sulphur pentafluoride . 



CH3— CH-GK.SF^. 

The method of making the new compounds 55 
is essentially to remove & elements of hydros 
gen chloride from^tihe oiefine/suifphur cMoride 
pentafluoride additibn cbmpoimd^ by lefluK- 
ing them with an alcoholic' or aquebus- 
alcbholic solution of cauistic soda or caustic 60 
potash containing 10—25% of the latter for 
half ah hour ot more. A suspension of finely 
divided caustic soda or potash in a non- 
aqueous inert organic solvent, for example 
petroleum" ether, may be used if desired in 65 
place of the solution- The reflux ooindenser 
exit may be connected to a coM trap if the 
more volatile compounds are bedng made. For 
the less volatile compounds the reaction mix- 
ture after refluxing may be pourefd into water 70 
and the produa extracted with ether and the 
extraa distilled. 

The new compounds are reactive inter- 
mediates for introducing — SF^ groups into 
other molecules and are also monomers for 75 
polymerisation and copolymerisation. For 
example vinyl sulphur pentarfiuoride copoly- 
merises with ethylene, and. with vinyl chloride. 
The copolymers with ethylene, for example 
1:6 and 1:3 moles vinyl sulphur penta- 80 
fluoride/moles ethylene, are more flexible and 
more transparent than normai polythene. 

The following examples illustrate but do 
not litnit the invention. 

Example 1. 55 
Potassium hydroxide (19 g.) was dissolved 
in water (20 cc.) and alcohol (60 cc.) was 
added. Tliis solution was boiled under a reflux 
condenser to the top of which was connected 
a trap oooled in a solid carbon dioxide/alcohol 90 
freezing mixture. While the solution was boil- 
ing 2-chloroethyl sulphur pentafluoride (33 g.; 
prepared froni ethylene and sulphur chloride 
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pentafiuoride as described in co-pending 
appUcation No. 31208/59 Serial No. 891',552) 
was added gradually during hour. The solu- 
tion v/as boiled for a funiier hour after all 
the reagent had 'been added. During this 
period the reflux condenser was heated to 40° 
C. by warm water. About 15 cc- of a vola- 
tile liquid collected in the cold trap. This was 
distilled, collecting the f f acticwi of boiling point 
40-42^ which amounted to 20 g. (80(%" 
theoretical); the product was shown to be vinyl 
sulphur pentafiuoride as follows: 

Elementary analysis gave C 1:5.9; H 2.0; 
F 61.3; S 21.0%. C2H3SF, requires C 15.6; 
H 2.0; F .61;6; S 20.9%. The molanilar 
weight was found to be 153 (required 154) 
and the infra-red absorption spectrum showed 
an intense band at 870 cmT^ charaaeristic of 
the • — SF. group, and strong bands at 965, 
1040 and 1390 cm■~^ The latent heat of 
evaporation was 6800 caL per mole and the 
Trouton constant 21.6.. 

Example 2. 
A mixture of l-chJorocyclohexyl sulphur= 
pentafiuoride (122 . g^^ pirepared from cyclo- 
hexene -^and sul|>hur chloride pentaifluoride; 
pota^s^ium hydroxide (5.6 g.), water (5 dc.) and 
ethanor (75 cc:) in a 250 cc; . flask witli a 
reflux' condenser was cautiously wanned, to 
about 75'^ ' C, ■ and as soon? as the reaction 
started the heating was . stopped. When the 
.initial exdthermic reaction was over the mix- 
tme was heated' to boiling for 15. minutes then 
cooled and poured into water (350 cc.). The 
lower layer was separated; dried ever anhy-.. 
drous magnesium sulphate and distilled to give 
at 112^— ia5° C/lOO mms. Hg 8 g. (79% 
theoreticiil) of cyclohexenyl sulphur penta- . 
fluoride. This had a boiling point tmder 760 
mm. Hg of 1615^ : C.^ a : refractive index Nd''° 
of 1.4282, and a- molecular weight of 190 
(CcHflF.S requires 208). Elementary analysis 
gave C 34.9; H 4.7. F 44.2; S :i5.3.%. 
CeH,F,S recjuires C 34.6; H 4.3; F 45.6; 
S 15.4%. The product showed an intense 
infra-red absorption band at 870 cm'~^ char- 
aaeristic of the — SF5 group and a band at 
940 cm""^ indicating misajturadon. 

Example 3. 
A mixture of potassium hydroxide (75 g.), 
methanol (300 cC.), and 2-chloropropyl sulphur 
pentafiuoride (145 g.) was heated under reflux 
for 2^ hr.j then allowed to cool and left to 
stand at ■ room temperature for 12 hr. The 
mixture was added to 1 litre of water and the 
lower layer was separated^ washed wiith water, 
and dried over anhydrous magnesium sul- 
pliate. A Beilstein test showed that chlorine 
was absent. The liquid was fraaionally dis- 
tilled, giving a main fraction (43 g.), t>-P- 
80 — 82^. and a hiigher-boiling residue which 
was not' examihed. The main fracrion was 
separated by gas chromatograp'hy into two 
components; that of shorter retention time 
(4.4 g.) was allyl sulphur pentafiuoride (found: 



C 21.7; H 3.0; F 54.3; S 19.0; molecular 
weight 168. CaH.F.S requires C 21.4; H 3.0; 
F 56.5; S 19.0%, molecular weight 168). The 
second and larger fraaion (38.3 g.) was pro- 
penyl sulphur pentafiuoride (found: C 22.0; 70 
H 2.7; F 54.3; S 19.1:; molecular weight L70). 
The infra-red absorption spectra of both these 
compounds showed bands at 602, 606, 613 
and 885 cm"^ charaaeristic of ihe — SF^ 
group; propenyl sulphur pentafiuoride also '5 
showed absoiptions at 1449, 2265 and 2967- 
on"^ indicating the presence of a i.?.ethyi 
group; aUyl sulphur pentafluorid^ showed 
absorptions at 995 and 3090 cm~"^ indicating 
the presence of a vinyl group. 80 
Example 4. 
2,2-dichloroethyl sulph\tr pentafiuoride (23 
g.) was dissolved in methanol (25 oc,) and 
cooled to -20° C. A solution of potassium 
hydroxide (9 g.) in methanol (30 cc.) was 85 
added in portions, keeping the temperature 
between ~ 20° and 10°. The mixture was 
filtered, and water (50 cc.) was added to the 
filtrate. The lower layer was separated, washed 
with a saturated solution of sodiiuni diioride, 90 
dried ever anhydrous . magnesium- sutptiate and 
distilled, giving 2-diiorovinyl sulphur penta- 
fiuoride (12 g., 63% theory), h.p. 66^, . 
(Found: C 1L9; H 1.2; Q 19.5; F 49.8; S 
17.5; molecular weiglk 185. QHzCliF^S 95 
requires C 12,7;. H U; CL 18.8; F 50.4; S 
17.0%; molecular weight 189.). Its infra-red 
absorption spectrum showed an intense band, 
at 870 cm'~^ characteristic of the — SF5 group, 
and strong bands at 920 and 1580 anr^ int^- lOO 
eating unsaturation. 

Example 5. 
A round-bottomed three-necked flask (250 . 
cc:) was fitted with a dropping funnel, a 
stopper and a reflux condenser the top of 105 
which iwas connected to a trap aooled to - 80° 
C. Petrcleum ether, b.p. 10O°— 120° C. (100 
cc.), and a mixture of carbon tetrachloride 
(30 g.) and rH,2-chI)orotrifluoroethyl sulphur 
pentSuoride (18 g.) (made by addition of 110 
sulphur chloride pentafliioride to trifluoro- 
ethylene) were added and brought to gemie 
reflux. Finely powdered potassiumi hydroxide 
(18 g.) was added through the stoppered open- 
ing over a period of 3i h-ours after which 115 
the reaction appeared to be complete. A 
colourless liquid (17.5 g.) collected in the cold 
trap and was shown by gas chromatography to 
be a single substance which was identified as 
perfluorovinyl sulphur pentafiuoride 120 

CF2 = CF.SF5. 

Analysis gave C 11.2; F 72.8; S 15.2%; and 
a molecular weight determination gave 206. 
Required for QF,S are C 11.5; F 73.1; S 
15.4%, and a molecular weight of 208. .The 125 
vapour pressure of the compound fitted the 
equation 
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log,oP = 6.36--131.0/T, 

and the boiling point by extrapolation was 19° 
C and the latent heat of evaporation calcu- 
lated front the slope of the curve was 5990 
5 cals./mole, . and the Trouton constant 20.5. 
The infra-red absorption spectrum showed 
intense bands at 1390, 1050,. 870 cm-^l. 

WHAT WE CLAIM IS : — 
1, Unsaturated organic compauods contain- 
10 ing the pentafluorothiio group — SF^, and hav- 
ing the general formulae . . 



15 



20 



50 



55 



60 



65 



70 



P3 



6. Cyclohexenyl sulphur pentaflu»ride 

7. . Allyl sulphur pentafluoride 

CSiz — ClJ .CIH2S-F5 . 

8. Process for making the unsaturated 
organic compounds containing the pentafluoro- 
thio group claimed in any of the; preceding 
claims comprising removing the , elements of 
hydrogen chloride fnorn the addition products 
obtained by adding sulphur chloride penta*- 
fluoride to olefines jaiid other non-aromatic 
ethylenicaliy unsaturated compounds, , said 
addition products having the general formulai 



in which R, Ri, R2 and R^ have the meanings 
hereinbefore defined.. 

2. Vinyi sulphur pentafluoride 

; CH.z-CH.SF,. 

3. 2-chlorovinyl sulphur pentaiiuoridie 

CHa = GH.SF5. 

4. Pcrfiuoroyinyl sulphur pentafluoride 

CF^ = CF.5F,. 

5. Properiyl sulphur pentafluoride 

GHa.CH^CH.SF^. 



:c— c: 



I 

Q 



in which Ri, R2 and R3 have the meanings 
hereinbefore defined, by refluxing said addi- 
tion products wth: alcoholic or aqueous- 
alcoholic solutions of caustic soda or caustic 
potash containing 10—25.% by weight of the 
alkali, or with a suspension of powdered caustic 
soda or potash in a non-aqueous, inert organic 
solvent for example petroleum ether. 

9, Process for making the unsaturated 
organic compounds claimed in Qaims 1 to 
7 substantially as hereinbefore described- and 
with reference to the examples. . 

WALTER SCOTT, 
Agent for the Applicams. 
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Group 



We, Imperial Chemical Industries 
Limited, of Imperial Chemical House, 
Millbank, London, S.W.I, a British Company, 
do hereby declare this invention to be des- 
cribed in the following statement: — 

This invention relates to novel unsaturated 
organic compounds containing the pentafluoro- 
thio group — SF5 and to a method of making 
them. 

It is well known in organic chemistry to 
make unsaturated compounds containing the 
>C = C< group by removal of the elements 
of a halogen acid from a samrated compound 
by mfeans of alcoholic or aqueous alcoholic 
solutions of caustic potash or caustic soda, 
where the halogen is chlorine, bromine or 
iodine. This process is not readily applicable 
to fluorinated compounds, for one reason be- 
cause it is usually not possible to obtain the 
necessary intermediate compound containing 
the proper number of fluorine atoms. 

In co-pending application No. 31208/59 



25 



30 
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40 



45 



(Serial No. 891,552) we have described a 
method for preparing compounds having the 
general formula 

R2 CI SF^- 

by adding sulphur chloride pentafluoride, 75 
SF5CI, across the double bond of an olefine 
or other non-aromatic compoimd containing 
the ethylenicaliy unsaturated group >C=C<, 
In this formula Rj, R2, Rg and R^ may repre- 
sent hydrogen, alkyl or aryl groups. Since 80 
sulphur chloride pentafluoride is very readily 
hydrolysed by alkali it was expected that 
compounds having this general formula would 
on treatment with alcoholic or aqueous 
alcoholic caustic potash or caustic soda lose 85 
all the SF5 group. For example we should 
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have expected CH2CI — CH2SF5, obtained by 
adding SFsCl to ethyl^ to yield vinyl 
chloride, potassium sulphate and potassium 
fluoride on treatment with caustic potash, 
5 Surprisingly we have found that under such 
conditions the — SF^ group ds not attacked 
but instead the elements of hydrochloric acid 
. are removed and new unsaturated compounds 
containing the — SF5 group are. formed. 
10 According to our invention we provide new 
unsaturated organic compounds containing the 
pentafiuorothio group — SF,, and a process for 
making them comprising reaaing with 
alcoholic or aqueous alcoholic solutions of a 
15 caustic alkali the products obtained by adding 
sulphur chloride pentaBuori^ to oleiines and 
other non-aromatic ethylenically unsaturated 
compounds. 
The new compounds of our invention have 
20 formulae of the following general types: — 



P5 



or 



^1 I 

^2 



II 



depending on which carbon atom of the sul- 
phur chloride pentafluoride/olefine addition 
product loses a hydrogen: atom". Ri, Rs, etc. 
25 represent hydrogen, all^l or aryl groups. Thus 
in the addition product 

R, ■ 

CI SF^ R4 

when one or more of Ri, R2, R3, R4 is 
hydrogen the imsaturated compound formed 

30 will be of type I, but if Rj, R^, R3, R^ are 
for example alkyl groups. then hydrogen will 
be lost from a carbon atom in the <i-position 
to the original oleiinic carbon atoms and the 
unsaturated compound will be of type II. 

35 The method of making the new compounds 
is essentially to reflux the olefine/sulphur 
chloride pentafiuoride addition compound with 
an alcoholic or aqueous alcoholic solution of 
caustic potash containing 10— 257o of the 

40 latter for half an hour or more. The reflux 
condenser exit may be connected , to a cold 
trap if the more volatile compounds are being 
made. For the less volatile compounds the 



reaction mixture after refluxing may be 
poured into water and the product extraaed 45 
with ether and the extract distiUed. 

The new compounds are reactive inter- 
mediates for introducing — SFg groups into 
other molecules and are also monomers for 
polymerisation. 5D 

The following examples illustrate but do not 
limit the invention. 

Example 1 
Potassium hydroxide (19 g.) was dissolved ' 
in water (20 ml.) and alcohol (60 ml.) was 55 
added. This solution was boiled under a reflux 
condenser to the top of which was connected 
a trap cooled in a solid carbon dioxide/ 
alcohol freezing mixture. While the solution 
was boiling, 2-chloroethyisulphur pentafluoride 60 
(33 g.i prepared from ethylene and sulphur 
chloride pentafluoride as described in co- 
pending application No. 31208/59 (Serial No. 
S91i552) was added gradually during ^ hour. 
The solution was boiled for a further hour 65 
after all the reagent had been added. During 
this period the reflux condenser was heated 
to 40°C- by warm water. About 15 ml. of a 
volatile liquid collected in the cold trap. This 
was distilled, collecting the fracdon of boiling 70 
point 40 — 42*^0., which amounted to 20 g.; 
the product was shown to be vinyl sulphur 
pentafluoride as follows: Molecular weight, 
found, 153; calculated for QHaSF^, 154; the 
infra-red absorption spectrum showed a very 75 
intense band at 11.5^ which is typical of the " 
group — SF55 strong absorptions at 17.5/x, also 
tdiae^to^— Sifs^.and moderately strong absorp- 
"tidns at 7;2,' 10:5 and 15.5/x, characteristic of 
the vinyl group. sO 
Example 2 
1 - Chloro - 2 - pentafluorothiocyclohexene, 
QHiftSF^^Cl, (15.56 g,, prepared fronu cyclo- 
hexene and sulphur chloride pentafluoride as 
described in co-pending application No. 85 
31208/59) was added to a solution of potas- 
sium hydroxide in alcohol (50 ml. of 2N) and 
the mixture was boiled under reflux for 30 
min. The contents of the flask were poured 
into water and the solution extraaed with 90 
ether; on distillation of the extract, 9 g. of 
material of boiling point 98 — 100°C./98 mm. 
were obtained. The infra-red absorprion spec- 
trum and analysis of this product showed 
that it . was pentafluorothiocyclohexene, 95 
C0H9SF5. 

WALTER SCOTT, 
Agent for the Applicants. 
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